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            Abstract
The contribution of lineage identity and differentiation state to malignant transformation is controversial. We have previously shown that adult neural stem and early progenitor cells give origin to glioblastoma. Here we systematically assessed the tumor-initiating potential of adult neural populations at various stages of lineage progression. Cell typeâ€“specific tamoxifen-inducible Cre recombinase transgenes were used to target glioblastoma-relevant tumor suppressors Nf1, Trp53 and Pten in late-stage neuronal progenitors, neuroblasts and differentiated neurons. Mutant mice showed cellular and molecular defects demonstrating the impact of tumor suppressor loss, with mutant neurons being the most resistant to early changes associated with tumor development. However, we observed no evidence of glioma formation. These studies show that increasing lineage restriction is accompanied by decreasing susceptibility to malignant transformation, indicating a glioblastoma cell-of-origin hierarchy in which stem cells sit at the apex and differentiated cell types are least susceptible to tumorigenesis.
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                    Fig. 1: Tumor-suppressor deletion in adult postmitotic neurons does not induce glioblastoma development.[image: ]


Fig. 2: iCK-cre mutants exhibit astrogliosis and neuronal defects.[image: ]


Fig. 3: iND-cre immature neuron mutants show proliferation defects.[image: ]


Fig. 4: Adult neuronal progenitor iDlx-cre targeted mutants exhibit early defects.[image: ]


Fig. 5: iDlx-cre mutants exhibit hyperplastic lesions and molecular phenotypes.[image: ]


Fig. 6: Syn1-cre mutants exhibit ectopic recombination in neural progenitors and OPCs.[image: ]


Fig. 7: Model for tumor suppressorâ€“mediated transformation of adult neural lineage cells.[image: ]
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Supplementary Figure 1 Histologic and molecular analysis of iCK-cre mutants.
a. Immunofluorescence staining for NeuN in different brain regions. b. Quantification of indicated neuronal lineage markers in iCK-cre mutant (M) vs. control (C) brains. (Left-most panel) Parvalbumin, n=12M,14C, p=0.2930; (Middle-left panel) Calretinin, n=9M,9C, p=0.3138; (Middle-right panel) GABAARÎ±, n=12M,9C, p=0.0173; (Right-most panel) vGlut2, n=7M,7C, p=0.6140. *p<0.05. Two-tailed unpaired Studentâ€™s t-test. Data is presented as mean +/- SEM. c. Gene ontology analysis of gene events (n=239 unique genes; listed in Supplementary Table 1) in iCK-cre mutants (n=3) compared to controls (n=3) by PANTHER, showing functional annotations by biologic process (left panel) and molecular function (right panel) using Fisherâ€™s Exact Test with false discovery rate adjustment. d. Quantification of mean telomere length (left panel) and % of short telomeres (right panel) of cortical and dentate gyrus (dg) neurons in iCK-cre mutants (cortex: n=2770; dg: n=45996) vs. controls (cortex: n=3093; dg: n=37722). ****p<0.0001 using two tailed unpaired Students t-test and Chi-square test, respectively. Telomere length is presented as mean+/- SEM, while % short telomeres is presented as a ratio of number of short telomeres (below 25th percentile) over total number of telomeres. e. Telomere FISH images of iCK-cre mutants vs. controls in the cortex and dentate gyrus. All scale bars=100 Î¼m. In a and e, experiments were independently repeated with similar results at least n=3 times using at least n=3 different mouse tissue samples for each group.


Supplementary Figure 2 Expression analysis of iND-cre Tomato reporter and mutant vs. control brains.
a. Tomato staining of iND-cre; R26-stop-tdTomato reporter and control at 4 weeks post-induction. b. Immunostaining of iND-cre reporter with lineage markers at 5 months post-induction c. Immunofluorescence staining of iND-cre mutant vs. control at 10 weeks post-induction. d. Quantification of % BrdU-positive cells in aged iND-cre mutants (n=3) vs. controls (n=3) in each of the indicated brain regions. Data is presented as mean +/- SEM. e. Immunofluorescence staining of aged iND-cre mutant vs. control at >6 months post-induction. All scale bars=100 Î¼m. In a, b, c and e, experiments were independently repeated with similar results at least n=3 times using at least n=3 different mouse tissue samples for each group.


Supplementary Figure 3 Expression analysis of iDlx-cre Tomato reporter.
a. Tomato staining of tamoxifen- and vehicle-treated iDlx-cre;R26-stop-tdTomato reporter at 1 month post-induction. b. Immunostaining of iDlx-cre;R26-stop-tdTomato reporter with lineage markers at 5 months post-induction. All scale bars=100 Î¼m. In a and b, experiments were independently repeated with similar results at least n=3 times using at least n=3 different mouse tissue samples for each group.


Supplementary Figure 4 Molecular and histologic analysis of iDlx-cre mutants.
a. Quantification of % BrdU-positive cells in aged iDlx-cre mutants (n=3) vs. controls (n=3) in each of the indicated brain regions. Data is presented as mean +/- SEM. b. Immunostaining of aged iDlx-cre mutants and controls with lineage markers. c. Western blot analysis of MAPK and PI3K pathway components in iDlx-cre mutant (M) and control (C) brains. Mouse GBM (mGBM) and HeLa cell lysates were used as positive controls. d. Quantification of mean telomere length (left panel) and % of short telomeres (right panel) of dentate gyrus neurons in iDlx-cre mutants (n=50144) vs. controls (n=65974). e. Quantification of mean telomere length (left panel) and % of short telomeres (right panel) of dentate gyrus neurons in iDlx-cre (n=33693) vs. iCK-cre (n=45988) mutants. In d and e, telomere length is presented as mean +/- SEM, while % short telomeres is presented as a ratio of the number of short telomeres (below 25th percentile) over total number of telomeres. ****p<0.0001 using two tailed unpaired Studentâ€™s t-test and Chi-square test, respectively. h. Telomere FISH images of iDlx-cre and iCK-cre mutants and controls in the dentate gyrus. All scale bars=100 Î¼m. In b, c, and h, experiments were independently repeated with similar results at least n=3 times using at least n=3 different mouse tissue samples for each group.


Supplementary Figure 5 Molecular profiling of Syn-cre tumors.
RNA sequencing analysis of Syn1-cre, Nestin-creERT2, and NG2-creERTM tumors. a. Dimension reduction analysis of Syn1-cre (n=3), Nestin-creERT2 (n=3), and NG2-creERTM (n=3) mutant tumors. b. Heat map showing expression of NG2-creERTM tumor signature genes (also listed in Supplementary Table 2) in Syn1-cre (n=3), Nestin-creERT2 (n=3), and NG2-creERTM (n=3) tumors.
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